Self-reported retrospective survey data is widely used in empirical work but may be subject to cognitive biases, even over relatively short recall periods. This paper examines the role of anchoring bias in self-reports of objective and subjective outcomes under recall. We use a unique panel-survey dataset of smallholder farmers from four countries in Central America collected over a period of three years. We exploit differences between recalled and concurrent responses to quantify the degree of mental anchoring in survey recall data. We assess whether respondents use their reported value for the most recent period as a cognitive heuristic when recalling the value from a previous period, while controlling for the value they reported earlier. The results show strong evidence of sizeable anchoring bias in self-reported retrospective indicators for both objective measures (income, wages, and working hours) and subjective measures (reports of happiness, health, stress, and well-being). We also generally observe a larger bias in response to negative changes for objective indicators and a larger bias in response to positive changes for subjective indicators.
Collecting accurate data, including retrospective data, is critical for effective economic policy research. However, the potential for recall error in household surveys has been recognized in the literature for several decades (e.g., Neter and Waksberg 1964; Evans and Leighton 1995; Sudman, Bradburn, and Schwarz 1996) . 1 Retrospective biases have been shown to exist over a wide range of health, employment, income, and expenditure data obtained from population samples in developed countries. Researchers have also sought to explore measurement biases in low-income settings. For example, in India, Das, Hammer, and Sanchez-Paramo (2012) examine recall error in health outcomes, while de Nicola and Giné (2014) consider recall error among fisherman. 2 In this paper, we contribute to this growing body of literature and evaluate the role of anchoring as a particular source of measurement error by using panel survey data from Central America for a range of outcomes.
We focus on anchoring bias, in which individuals use some easily-observed prior or recently-provided information to guide them in estimating a value under uncertainty (see, e.g., Tversky and Kahneman 1974) . Anchoring bias has been well-documented in the economics literature. For example, it has Susan Godlonton is an assistant professor at Williams College and an associated research fellow at the International Food Policy Research Institute (IFPRI). Manuel A. Hernandez is a research fellow and Mike Murphy is a research analyst, both of them at IFPRI. We thank the valuable comments of Eduardo Maruyama, Maria Recalde and seminar participants at the Annual Meeting of the Agricultural and Applied Economics Association and IFPRI. We would also like to thank Francisco Olivet, Luis Arteaga, and the team of Research & Planning for their help in collecting the data. Finally, we would like to thank Travis Lybbert and three anonymous referees for their many useful comments. We gratefully acknowledge financial support from the CGIAR Research Program on Policies, Institutions and Markets. Correspondence to be sent to: m.a.hernandez@cgiar.org. 1 There is a rich body of interdisciplinary literature in the social sciences examining survey biases resulting from the interaction between respondents' cognitive processes and survey instruments (e.g., see Schwarz and Hippler 1995) . Studied topics include optimal recall length (e.g., Clarke, Fiebig, and Gerdtham 2008) ; the role of telescoping (e.g. Neter and Waksberg 1964) ; the order of response alternatives (e.g., Krosnick and Alwin 1987) ; acquiescence bias (e.g., Krosnick 1991) ; and social desirability bias (see Finkel, Guterbock and Borg 1991) . Krosnick (1999a Krosnick ( , 1999b and Sudman, Bradburn, and Schwarz (1996) provide excellent reviews of this extensive literature.
been studied in the context of financial markets (e.g., Campbell and Sharpe 2009), auction prices (e.g., Beggs and Graddy 2009) , and the elicitation of willingness-to-pay parameters (e.g., Ariely, Lowenstein, and Prelec 2003) .
3 Furnham and Chu Boo (2003) provide a review of this anchoring literature.
Anchoring bias has also been addressed in the survey methodology literature. One strand examines the intersection between questionnaire format and survey biases. For example, Hurd et al. (1998) show that anchoring effects may account for significant differences in responses when using brackets versus open-ended questions on savings and consumption data; Frykblom and Shogren (2000) argue that anchoring effects in discrete-choice questions may result from survey framing rather than from the dichotomous choice per se. Hitczenko (2015) finds strong evidence of sequential anchoring in Likert scale questions, resulting in approximately 13% of responses incorrectly rated for selected questions. 4 We extend this body of literature by examining the role of anchoring bias in retrospective data for objective and subjective measures in a low-income setting. We focus on both objective and subjective indicators, as previous studies find that subjective indicators exhibit lower reliability ratios than objective indicators (e.g., Krueger and Schkade 2008) .
We take advantage of a novel panel-survey dataset from IFPRI's Poverty-Sensitive Scorecard pilot program for smallholder farmers in Central America (see Hernandez and Torero 2014) . This dataset spans four countries-El Salvador, Guatemala, Honduras, and Nicaragua-and includes three rounds of data collected over three years (2011, 2012, and 2013) . The final survey further captured data for both the current and the previous years for a number of objective indicators (monthly total and per capita household income, wages from primary occupation, and hours worked), as well as for subjective measures (reports of happiness, health, stress, and overall well-being). 5 This feature of the survey instrument permits us to exploit potential differences between recalled and concurrent responses to examine the degree of mental anchoring in survey recall data.
For a given outcome, we assess whether respondents in the 2013 survey use the value they report for 2013 as an "anchor" to influence their subsequent recall of the value for 2012, while controlling for the value for 2012 that they reported in the 2012 survey. For clarity, we use the term "concurrent report" when the year of the survey and the reference period are the same, and "recall value" otherwise. Hence, the analysis considers the effect of a respondent's "2013 concurrent report" (the value they reported in 2013 for 2013, i.e., the anchor value) on their "2012 recall value" (the value they reported in 2013 for 2012), while controlling for their "2012 concurrent report" (the value they reported in 2012 for 2012). We account for individual, household, and interview characteristics.
For both objective and subjective indicators, we consistently find that the anchor value strongly predicts the recall value. In all cases, we conclude at conventional statistical levels that the recall measure is largely influenced by the anchor value. Our results provide evidence in favor of recall bias for both objective and subjective indicators. Furthermore, the high degree of mental anchoring observed does not seem to be driven by a specific group of respondents; we generally do not observe systematic differences by location, crop type, or individual characteristics.
Somewhat troublingly, we consistently find an extremely low correlation between recall values and measures reported in the previous period. This holds for both objective and subjective indicators. The 2013 concurrent report is a stronger (in magnitude and statistical precision) predictor for the 2012 recall value compared to the previous period report (2012 concurrent report). In many specifications, the predictive power of the previous period report is indistinguishable from zero, which casts doubts about the signaling value of the recall measure. 3 The willingness-to-pay literature has led to an ongoing debate about whether preferences are in fact consistent and stable (e.g., Ariely, Lowenstein, and Prelec 2003; Fudenberg, Levine, and Maniadis 2012; Maniadis, Tufano, and List 2014; Alevy, Landry and List 2015) . Rather than contributing to this debate, we examine anchoring bias as a source of measurement error. 4 Other studies also find that respondents' mood (Bodenhausen, Gabriel, and Lineberger 2000) , knowledge (Brekke et al. 1996) , and cognitive ability (Bergman et al. 2010) can mitigate the magnitude of anchoring bias. 5 While all measures are self-reported, the distinction between objective and subjective serves to differentiate between measures that can be directly observed by an individual versus measures that are not directly observed.
The estimation results are robust to several different specification checks. We extend the analysis to consider alternative anchors used by respondents, as well as mechanisms that may be driving the anchoring. In so doing, we examine whether positive or negative outcome changes over time play a role in anchoring. We find that positive changes are strongly associated with a positive bias, while negative changes are strongly associated with a negative bias. This pattern of responses further supports the interpretation of the observed measurement error as anchoring bias. We also find that the magnitude of the recall bias for objective indicators is generally larger in response to negative changes, while for subjective indicators, the magnitude of the bias is larger in response to positive changes.
The paper contributes to our understanding of behavioral biases in collecting selfreported data in developing countries. Two studies closely related to ours are de Nicola and Giné (2014) and Maruyama (2007) , both of which compare retrospective data obtained from survey respondents with an alternative reference measure to estimate recall error. de Nicola and Giné (2014) use records of reported catches by fishing vessels as a reference measure to assess the reliability of data that fishermen self-report in coastal India. Maruyama (2007) compares a retrospective and a concurrent measure of wage earnings among workers in Indonesia using data from the Indonesian Family Life Survey. We follow a validation approach similar to these studies but focus on the role of anchoring bias in recall error. In our setting, the report value from the previous survey round serves as the reference value that the recall value should approximate. We further add to the literature by also considering subjective measures.
Our results also speak to the generalizability of recall bias as an important feature of retrospective data by extending the evidence base to include smallholder farmers in developing countries. Many original studies on recall bias were conducted in experimental settings on college campuses (Sears 1986) or in the context of large-scale developed country surveys (see Bound, Brown and Mathiowetz 2001; Crossley and Winter 2015) . There remains debate, however, regarding whether these findings can be generalized. Recall biases measured primarily among college students may not necessarily extend to the general population, as college students may be easily influenced and readily change their attitudes (Henry 2008; Henrich, Heine, and Norenzayan 2010; Eastwick, Hunt, and Neff 2013) . On the other hand, the cognitive process of answering aggregate questions is more demanding and may lead to an increased reliance on simple heuristics among respondents with low levels of education who are asked to recall a series of complex interrelated activities. For example, Arthi et al. (2016) document strong evidence of recall bias among smallholder farmers in Tanzania that is driven not only by failures in memory but also by the mental burdens of reporting on highly-variable agricultural work patterns. Beegle, Carletto, and Himelein (2012) and de Weerdt et al. (2016) also examine the difficulties of collecting agricultural and consumption data in several developing countries. Other empirical evidence consistently finds that respondents of lower socio-economic status (e.g., Gove and Geerken 1977; Das, Hammer, and Sanchez-Paramo 2012) and with lower levels of education (Narayan and Krosnick 1996) exhibit larger survey biases in general. Taken together, it is unclear whether we should anticipate smaller, larger, or similarly sized biases among rural smallholder farmers in developing countries, as these farmers typically have lower education levels and face more volatile economic conditions. Our paper attempts to fill this gap.
In addition, our results offer further support for negativity bias, consistent with a large body of literature in psychology that has established negativity bias across many domains, including disaster, perceptions, and disease (for extensive reviews, see Baumeister et al. 2001; Rozin and Royzman 2001) . Our results extend this literature by finding negativity bias in anchoring for objective indicators but positivity bias in anchoring for subjective indicators. This finding has important implications when examining, for example, the evolution of aggregate income or well-being indicators over time and we rely on retrospective survey data.
Data
The data used for the analysis corresponds to a panel survey of households that participated in selected agricultural projects as part of IFPRI's Poverty-Sensitive Scorecard pilot program in Central America. The objective of the program was to select demand-driven projects using a scorecard tool that can better link poor smallholder farmers to dynamic markets through extension and training activities. The beneficiaries of each project belonged to an existing farmers' association, generally lived nearby, and were involved in the production of the same crop, which varied by project (including basic grains, fruits and vegetables, coffee, and cacao). Hernandez and Torero (2014) provide additional details about the pilot program and selected projects.
A total of three survey rounds were conducted-one baseline survey at the end of 2011 and two follow-up surveys at the end of 2012 and 2013-to evaluate the scorecard tool and the impact of the selected projects. 6 We use the balanced panel of 554 project beneficiaries who were found in each survey year. The sample is representative of the selected projects' beneficiaries located across 24 municipalities (distinct administrative areas) within four countries (El Salvador, Guatemala, Honduras, and Nicaragua; refer to Hernandez and Torero 2016 for further details of the survey sample and attrition over time).
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The data collected in the survey include respondents' socioeconomic characteristics, household composition, income and labor activities, household assets and expenditure, and well-being indicators, among others. The dataset also has a special feature that makes it particularly useful for testing anchoring bias in recall data; in the third (2013) survey round, households were asked a series of questions regarding, for example, their household income with different recall periods. That is, in 2013, respondents were asked for their household income in 2013; shortly afterwards, they were asked to recall their income for 2012 and 2011. This was part of the panel survey design in order to make some of the key indicators collected comparable between returning and new households that entered the survey in the last year. 8 As shown in figure 1, we have repeated values for different objective and subjective outcomes, obtained using different lengths of recall. For the objective indicators (which include monthly total and per capita household income, wages from primary occupation, and working hours in main activity), we have information from each survey round on outcomes for that year (concurrent reports for 2011, 2012, and 2013) The surveys were fielded around the same time of the year to avoid potential seasonal variations in the reported outcomes. 7 The survey sample maintained the proportion of beneficiaries in each project by gender and location (municipality). There was 10% attrition after each survey year due to internal migration and other factors; however, there were not major differences, at least in observable characteristics, between attrition households and non-attrition households across years. 8 New households entered the survey in the third year as replacements, and because the sample was expanded to households from nearby areas that did not necessarily participate in the program.
and recall values for 2012, as these measures were not collected in 2011. 9 It is also important to note that the objective and subjective values used for the analysis result from interviewees' direct responses to a single question rather than from aggregated or constructed values. The only exception is income per capita, which is computed by dividing the response to the household income question by the number of household members reported for the corresponding reference period (i.e., for the 2012 recall measure, the 2012 household size is used). Online supplementary appendix table A.1 details the specific questions asked to obtain the objective and subjective values. Table 1 presents basic descriptive statistics of the working sample. Panel A reports respondents' demographic and household characteristics in the last period. The sample is evenly split between men and women, and the average age is 43 years. In general, respondents have not completed primary schooling (5.3 years of education, on average). Average household size is close to six members, and average plot size is 2.6 hectares, reflecting the fact that the program targeted poor farmers.
Panel B reports some basic demographic information about the interviewers who collected data from the respondents. While the three survey rounds were conducted by the same firm and under the same supervisors in each of the countries, there was some change in the pool of interviewers across years. In addition, the same subjects were not always assigned to the same interviewer. In the first two rounds of data collection, about 40% of the interviewers were male; in the third round, 55% were male. Similarly, the average age of the interviewers decreased from approximately 35 to 33 years old between the first and the subsequent two survey rounds. We account for these enumerator characteristics in the regression analysis.
Finally, panel C presents summary statistics of the objective and subjective outcomes of interest.
10 Two patterns are worth noting All four subjective indicators are, in turn, elicited using a ten-point scale, on which higher numbers indicate greater magnitude. Higher scores indicate that respondents are better off in terms of happiness, health, and well-being, and the opposite for stress. We observe that respondents are marginally better off when comparing the 2012 concurrent report to the 2013 concurrent report. In most cases, the average 2012 recall values are also closer to the respondent's 2013 concurrent report than to their 2012 concurrent report, which is also indicative of anchoring bias. For instance, the 2012 recall level of happiness is 8.19 versus 8.1 for the 2013 concurrent report and 8.01 for the 2012 concurrent report.
The potential anchoring bias in selfreported objective and subjective data is clearer in table 2. Columns 1 and 2 correspond to the difference in absolute value between the anchor value and the 2012 recall value (2013 concurrent report-2012 recall 9 Focusing on these indicators also helps us to reduce potential framing effects that could influence our results, as these effects are more common among binary survey questions (see, e.g., Goldin and Reck 2015) . 10 Respondents in Guatemala, Honduras, and Nicaragua reported monetary variables in local currency units. For ease of interpretation, we convert these to U.S. dollars using the annual exchange rate published by the local central banks for the corresponding reference period; hence, for a value recalled for 2012, the 2012 exchange rate is used. The estimation results are not sensitive to using the monetary variables in local currency units. 11 We do not believe that the beneficiaries of the program had an incentive to underreport their income or wages over time, given the design of the program. It was clear from the beginning of the program that the allocated grants were only (one-time) start-up grants for selected projects intended to be sustainable in the medium and long term. The average decline in income could be explained by poor weather (rainfall) conditions in all the municipalities in our study sample between 2011 and 2013. Still, we cannot fully rule out the possibility of underreporting, given that the World Bank Development Indicators in the region show that the national gross domestic product, agricultural value, and crop production index increased in these countries during the study period. value), while columns 3 and 4 pertain to the difference in absolute value between the concurrent report in the 2012 survey round and the 2012 recall value (2012 concurrent report-2012 recall value). The difference between the 2013 concurrent report and 2012 recall value is considerably smaller than the difference between the 2012 concurrent report and 2012 recall value for all objective and subjective indicators. For the objective indicators, the 2012 recall value is 2.6-3.4 times farther from the 2012 concurrent report than from the 2013 concurrent report; for the subjective indicators, it is 1.7-2.2 times farther. Note also the lower level of dispersion in the difference between the 2013 concurrent report and the 2012 recall value than the 2012 concurrent report and the 2012 recall value. Overall, these summary statistics provide preliminary evidence of substantial anchoring bias in self-reported data across most objective and subjective indicators. Although not presented here, we further observe a large variation at the individual level in the reported concurrent outcomes across years.
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This large variation emphasizes the need to examine anchoring since anchoring bias will not necessarily introduce meaningful inaccuracies into recalled responses in situations where there is limited year-on-year variation. 13 We turn next to outlining our empirical approach.
Empirical Approach
The structure of the survey permits us to compare objective and subjective concurrent reports from each survey year to recall values reported in the final survey year. If recalling information for an earlier period is challenging, the respondent may use her concurrent report for the most recent period as a cognitive heuristic to assist her in the reporting of the subsequent recall value. This mental anchoring may result, for example, in her providing a biased estimate of her income in the earlier period since it has been influenced by her report for the more recent period. The descriptive statistics discussed above suggest that anchoring bias may play an important role in this context. Formally, we can conceptualize this bias in terms of a simple linear regression framework. Considerx to be the recalled value of a given variable x, which is reported with measurement error e,
Following Campbell and Sharpe (2009), we assume an anchoring variable a which is the reported value from a previous question, which influences the process by which the interviewee generates her report of the recalled valuex,
where p and k are the weights that the respondent assigns to the anchoring variable and the true latent variable x. In the absence 
where y tÀ1;t ij is the recall value for the variable of interest (e.g., household income), which individual i from project j provides in reference to the prior period t-1 in the current period t (i.e., the income for 2012 reported in 2013); y t;t ij is the concurrent report of the variable for the reference period t reported at t (i.e., income for 2013 reported in 2013); y tÀ1;tÀ1 ij is the concurrent report of the variable for the prior period t-1 reported at t-1 (i.e., income for 2012 reported in 2012); Z ij is a vector of controls that includes individual, household, and interview characteristics; j j is the project-level fixed effect; and e ij is a white noise error.
14 Hence, the 2013 concurrent report y t;t ij serves as the potential anchor value. Note that in this setting, the 2012 concurrent report y tÀ1;tÀ1 ij does not necessarily represent the true or actual value in prior period t-1, as there may be other potential sources of error affecting the respondent's report. However, it is still valid to use this measure as the reference value to the extent that this source of error is independent of the anchoring bias.
We estimate the same model for both objective and subjective indicators. The parameters of interest in equation (3) are b and c. The first parameter measures the partial correlation between the anchor value and the recall value, while the second parameter captures the correlation between the value reported in the previous period and the recall value. If b > c, then anchoring bias plays a major role when recalling information. The opposite is true if b < c. For the objective indicators, we further exploit an additional round of data, which permits us to expand the analysis to include the respondents' recall and report values in reference to 2011.
The estimation of equation (3) poses some issues worth discussing. First, there might be certain correlation across time in the reported values, particularly for the objective outcomes, such that the anchoring parameter b could also reflect this autocorrelation. However, the potential correlation across time between the anchor value reported in 2013 (y t;t ij ) and the recall value for 2012 (y tÀ1;t ij ) should be captured by the 2012 concurrent report (y tÀ1;tÀ1 ij ), so the anchoring parameter is expected to be net of this correlation (if any).
Second, in the case of the subjective indicators, the elicitation method using a ten-point scale may introduce bias. This bias arises particularly for individuals reporting values in the lower and upper bounds, as their underlying latent values may lie below or above the possible range. We demonstrate that our results are robust to the exclusion of such individuals.
We also extend our base framework to examine whether the direction and magnitude of the bias differs in response to positive or negative changes in the outcomes of interest across time. To do so, we estimate the following regression:
ð4Þ Dy ij ¼aþb 1 Pos ij þb 2 Neg ij þhZ ij þj j þe ij where Dy ij is the difference between the 2012 recall value and the 2012 concurrent report, Pos ij is the value of the difference between the 2013 and 2012 concurrent reports if that difference is positive, and zero otherwise, and Neg ij takes the absolute value of the difference if the difference is negative, and zero otherwise.
To be consistent with the hypothesis that anchoring bias drives the measurement error observed, we would expect b 1 > 0 and b 2 < 0. In other words, if a household exhibits positive outcome changes between their 2012 and 2013 concurrent reports, we anticipate that the recall bias is positive; we expect the opposite if the household exhibits a negative outcome change. As an additional sensitivity check, we also control for the modal pattern of these differences at the municipality level. Specifically, we control for positive and negative municipality indicators; the 14 Interview characteristics include two set of variables for the age and gender of the enumerator for the 2012 and 2013 surveys (as households may not have been interviewed by the same person in each round), as well as for the duration of each of the interviews. Similarly, the project-level fixed effects are to account for one of the eight different agricultural projects to which the survey respondents belonged. There were four projects in Honduras, two in Nicaragua, one in El Salvador, and one in Guatemala.
former takes the value of one when the majority of the people in the municipality (excluding the respondent) report a positive change for the given indicator from their 2012 to their 2013 concurrent report, and zero otherwise. The converse is true for the negative dummy.
Results and Discussion
This section presents the estimation results and evaluates the robustness of our findings. We first discuss the base results of the estimated model specified in equation (3). We then evaluate the existence and magnitude of anchoring bias, and assess the validity of the results using alternative model specifications and samples. Finally, we explore alternative anchors and present suggestive evidence of the underlying mechanisms driving the sizeable anchoring bias observed.
Base Results: Anchoring Bias among Smallholder Farmers Table 3 presents the estimation results for the objective outcomes. Columns (1), (4), (7), and (10) include project-level fixed effects. Columns (2), (5), (8), and (11) add controls for the respondents' demographic and household characteristics, including their age, gender, education (years of schooling), household size, and plot size.
15 Columns (3), (6), (9), and (12) add an additional set of variables for the interview characteristics. These include controls for the ages and genders of the interviewers for the 2012 and 2013 surveys, as well as the duration of each of the interviews. 16 The p-values of the coefficients, reported in parentheses, are clustered at the project level. These values are derived following Cameron, Gelbach, and Miller's (2008) wild-bootstrap procedure to better account for the precision of the standard errors in the presence of only eight clusters.
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As shown in table 3, the coefficient of the anchor variable is positive and statistically significant at conventional levels across specifications and for all outcomes. The point estimate of the anchoring coefficient for the full model (with all controls) ranges from 0.66 in the case of working hours to 0.75 in the case of monthly income. Thus, a one-hour increase in the 2013 concurrent report for weekly working hours is associated with a 0.66-hour increase in the working hours recalled for 2012, while a ten-dollar increase in the 2013 concurrent report for monthly income is associated with a $7.5 increase in the recalled income for 2012. These results provide strong evidence that respondents use the reported value for the current period (2013 outcome reported in 2013) to frame their recall responses in reference to the preceding year (2012 outcome reported in 2013), despite answering a range of other questions between these two responses.
In contrast, the coefficient of the 2012 concurrent report (2012 outcome reported in 2012) is statistically indistinguishable from zero. This result is of concern for studies utilizing retrospective data as it implies that there is very limited signaling value in the recall measure, even over relatively short recall periods. Based on the one-sided Wald tests (p-values) reported at the bottom of the table, we reject the null hypothesis that the 2012 concurrent report coefficient is greater than or equal to the 2013 anchoring coefficientÞ at conventional levels of significance for all indicators. The ratio of the anchoring coefficient relative to the 2012 concurrent coefficient
is consistently large across indicators. The ratio is typically in the mid-30s and exceeds 100 for income. Despite variation in the difficulty of recalling outcomes (e.g., it might be easier for a respondent to recall her primary wage than her total household income), we observe a significant degree of mental anchoring for all four objective outcomes, and basically a null correlation between the 2012 recall and concurrent values.
18 Table 4 presents the estimation results for the subjective indicators using the same set of model specifications as those in table 3. 15 We also include an indicator which takes the value one when the size of the main plot is missing (for these cases, we assign the median plot size), and zero otherwise. 16 For cases in which the interview was paused and re-commenced, we assign the median duration value and include an additional dummy variable that takes the value of one for paused interviews, and zero otherwise. 17 The statistical significance of the estimated coefficients is not generally sensitive to alternatively deriving the p-values using the six-point weight distribution described by Webb (2014) , nor to clustering the standard errors at the municipality level or only allowing for robust standard errors. 18 The similar findings for own wages and household income could suggest that proxy reporting is not necessarily driving the results. However, formally evaluating proxy reporting is beyond the scope of this study due to a lack of more detailed data. the duration of all survey rounds; p-values are estimated clustering over eight projects using the wild-bootstrap cluster procedure described by Cameron, Gelbach and Miller (2008) with bootstrap samples generated using a Rademacher weight distribution with 256 replications. The standardized coefficients result from normalizing the estimated coefficients using the corresponding standard deviations of the variables reported in table 1. The p-value of one-sided Wald test for 2012 Concurrent ! 2013 Anchor is reported at the bottom using wild-bootstrap. Asterisks *,**, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
Anchor Value (2013 Concurrent Report) 0.572*** 0.572*** 0.581*** 0.527*** 0.516*** 0.518*** 0.657*** 0.658*** 0.646*** 0.575*** 0.573*** 0.577*** (0.000) the duration of all survey rounds; p-values are estimated clustering over eight projects using the wild-bootstrap cluster procedure described by Cameron, Gelbach and Miller (2008) with bootstrap samples generated using a Rademacher weight distribution with 256 replications. The standardized coefficients result from normalizing the estimated coefficients using the corresponding standard deviations of the variables reported in table 1; p-value of one-sided Wald test for 2012 Concurrent ! 2013 Anchor reported at the bottom using wild-bootstrap. Asterisks *,**, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Similar to our findings for the objective measures, the anchor value has a strong and statistically significant relationship with the recalled measures. The estimated anchoring coefficient for the full model ranges from 0.52 for the health indicator to 0.65 for the stress indicator. The coefficients of the 2012 concurrent reports, in turn, are generally close to zero and are not significant. Only for the well-being indicator is the 2012 concurrent report partially correlated with the 2012 recall value, although this partial correlation is less than one-tenth of the correlation between the anchor and recall measure. 19 As before, the recall value of subjective indicators indicates very limited signaling value. The
ratio is also high in this case (typically in the mid-teens), albeit lower relative to the objective indicators.
For comparison purposes between objective and subjective indicators, we also report the corresponding standardized coefficients for the 2013 concurrent report (anchor value) and the 2012 concurrent report in the bottom panel of tables 3 and 4. These parameters can be interpreted as the change (in standard deviations) in the 2012 recall value associated with a one standard deviation change in the anchor value and the 2012 concurrent report. The standardized anchoring coefficients of the full model for the objective indicators range between 0.62 (per capita income) and 0.81 (primary wages); for the subjective indicators, they range between 0.57 (health) and 0.67 (stress). Hence, the bias is to some extent stronger for objective than for subjective outcomes. This result is not necessarily surprising. On the one hand, there is a natural reference dependence when assessing, for instance, your life satisfaction or well-being across different periods (as opposed to reporting your wage or working hours), and this may result in anchoring. On the other hand, there is more variation in objective than in subjective measures, which could make the former more difficult for respondents to remember and thus make them more prone to use heuristics. Overall, however, the results provide strong evidence that anchoring bias plays an important role when recalling both objective and subjective outcomes.
Relative to the findings of other studies that measure anchoring bias in other contexts, the estimated magnitudes that we find are sizeable. For example, Campbell and Sharpe (2009) find point estimates of the forecast-anchor gap ranging between 0.04 and 0.71, resulting from regressing the forecast error of several macroeconomic indicators on the difference between the consensus forecast and data releases for the previous month (and previous three months) that serve as the anchor. Beggs and Grady (2009) , in turn, find point estimates of 0.63 and 0.18 when examining the linear relationship between the final sale price of impressionist and contemporary art and the difference between the previous sale prices and a hedonic price prediction. More generally, Krueger and Schkade (2008) evaluate the reliability of standard life satisfaction and affective experience measures among a group of women in Texas and find a correlation close to 0.6 when the measures are asked two weeks apart.
20

Sensitivity Analysis of Base Results
Next, we examine the sensitivity of our base results by running three additional sets of estimations. First, we assess whether our base results differ by country or by other observable characteristics of the households studied. In particular, we evaluate whether the observed anchoring bias for both objective and subjective measures is present across individuals in all four countries. Supplementary on line appendix table A.2 reports the estimation results in which we interact the country dummies (Honduras is the base category) with the corresponding anchor measure (2013 concurrent report) and 2012 concurrent report. We observe similar anchoring behavior in all four countries. The magnitude of the association between the anchor value and the recalled objective and subjective outcomes is not systematically different across countries. In the case of the association between the 2012 concurrent report and recall measures, we observe differences across countries in three specific cases, but these are small and the overall partial correlations are still close to zero. Overall, the high degree of mental anchoring is common among individuals in all surveyed locations.
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In a set of unreported results, we also examine whether there are heterogeneous effects by respondent's sex (if male), age (if age above the median), and education level (if secondary education or higher) and by main crop produced (fruits and vegetables, basic grains, and coffee and cacao). We generally do not find systematic differences. As an additional sensitivity check, we estimate the income results separately for households above or below the median household size. We find that larger households exhibit stronger anchoring relative to smaller households, which is consistent with respondents from larger households experiencing greater difficulty recalling certain values (such as total household income) and, hence, rely more heavily on the anchor.
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Second, we run an additional set of regressions for our objective variables to assess the effect of the anchoring variable on the recall measure when the recall period is two years. 23 We compare the effect of an individual's 2013 concurrent report on their 2011 recall value. One notable difference in this exercise (relative to the base analysis) is that the respondent now answers approximately twice as many questions between their anchoring value (the concurrent report for 2013) and the two-year recall value (for 2011).
Supplementary online appendix table A.3 presents these results, which provide even stronger evidence of anchoring. The anchoring coefficient ranges between 0.68 and 0.93, and a null or very weak correlation exists between the value recalled for 2011 in 2013 and the concurrent report from the 2011 survey round. One possibility for these stronger anchoring effects in the context of longer recall periods is that respondents are more prone to give more biased answers because it is harder to accurately recall; they are therefore more likely to use heuristics. The stronger effects are also interesting given the increased amount of time between the potential anchoring question and the subsequent report under two-year recall (compared to the report under one-year recall). One could anticipate a lower bias in this context.
Finally, we examine the sensitivity of our subjective indicator results to potential cap effects arising from the fact that these indicators are constructed on a scale of one to ten. Accordingly, supplementary online appendix table A.4 presents the estimations results that exclude the cases in which individuals reported a value of one (or ten) in the 2013 survey-that is, when their 2013 concurrent report is equal to the minimum or maximum value. We find very similar results to those in the original specification, with positive and highly significant anchor values ranging between 0.5 and 0.66. Thus, the anchoring bias among the subjective measures does not seem to be driven by the lower and upper bounds in the scale. 24 Similarly, to test the sensitivity of our objective indicator results to the exclusion of potential extreme values, particularly for income and wages, we examine log specifications and find qualitatively similar results (see supplementary online ap pendix table A.5).
Choice of Anchor
Our base (and preferred) results discussed above focus on the most recent (2013) reported measure as a potential anchor. This is mainly due to the structure of the survey instrument, in which a set of questions about a given outcome for the most recent period is 21 We are not aware of major weather, crop, or political events in the surveyed areas during the period of analysis that could have differentially affected farmers in the sample. As noted above, there was a general decline in rainfall levels across all locations (municipalities) in the study; this insufficient withinsample variation in rainfall shocks prevents us, for example, from assessing whether people become more reliant on anchoring under particular conditions. Unfortunately, the survey questionnaire was brief and did not capture potential internal or family shocks that could also be exploited. 22 Finally, there are also no differences between individuals experiencing higher (above the median) and lower absolute variation in their 2012 and 2013 concurrent reports. This could be explained, however, by the fact that most individuals in our working sample already exhibit important variations in their reported outcomes, so further distinguishing between relatively higher and lower variations does not result in statistically significant differences. We also examined whether experiencing a good year affected the degree of mental anchoring for subjective measures, but we do not find evidence that individuals with a positive change in their concurrent income exhibit a different pattern of subjective anchoring than the rest. 23 The subjective well-being questions were not included in the 2011 survey, precluding their use for this portion of our sensitivity analysis. 24 Note that this exercise helps to rule out that the caps in the subjective indicators are the source of the anchoring bias. Still, the imposed caps may limit the magnitude of the bias. For example, if an individual reports a value of nine for current well-being and, based on this report (used as an anchor), would like to report a value of 11 for the previous period, she is constrained to reporting a maximum value of ten; a similar (opposite) reasoning applies if her anchor value is close to a value of one. asked first, followed by questions about that outcome in previous periods. We now explore (to the extent possible) two alternative anchors upon which respondents could also rely.
First, for both objective and subjective indicators we test the community-level concurrent report as a possible anchor. We use the median value of the 2013 concurrent reports of all the other individuals located in the same municipality (i.e., we exclude the report of each particular individual). The results are presented in table 5. We find that this community-level anchor is generally not used by respondents as a reference point for either objective or subjective indicators. There is one notable exception, however; the community-level concurrent report is negatively associated with individuals' recall of their household income. However, we prefer not to over-interpret this particular result, given that the general pattern of results suggests that this anchor is not relevant. 25 Second, we use the additional data available for objective indicators to test for evidence of recency effects. Specifically, we assess whether the report value of the current period (2013 concurrent report) or the recall value of the previous period (2012 recall value), which is provided after the value for the current period, is used as the reference measure when recalling the value for two Note: Dependent variable is the recall value for 2012 reported in 2013; Community anchor (2013 Concurrent Report) refers to the median value reported in 2013 for the outcome in 2013 among other respondents in the same municipality (excluding the respondent's own report); 2012 Concurrent Report refers to the value reported in 2012 for the outcome in 2012. Individual characteristics include respondent age, gender, years of education, household size, and size of primary agricultural plot. Interview characteristics include the age and gender of the enumerators in both years and duration of all survey rounds. The p-values are estimated clustering over eight projects using the wild-bootstrap cluster procedure described by Cameron, Gelbach and Miller (2008) with bootstrap samples generated using a Rademacher weight distribution with 256 replications; p-value of one-sided Wald test for 2012 Concurrent ! 2013 Community Anchor reported at the bottom using wild-bootstrap. Asterisks *,**, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The sample has one less observation than the full sample as there is one household that is the only household resident in its municipality. prior periods (2011 recall value) .
26 This elicitation method allows us to provide suggestive evidence of whether the observed anchoring is driven by recency effects. Recency effects have been well documented in surveys, particularly in audio presentations of surveys (see, e.g., Schwarz, Hippler, and NoelleNeumann 1992) . Table 6 presents the corresponding results. We find that for the household income measures, the 2013 concurrent report is the primary anchor when recalling the 2011 value; for wages and working hours, on the other hand, the most recent 2012 recall value plays an important role. 27 This suggests that recency effects drive anchoring for wages and hours, while income and income per capita are less responsive to recency effects.
Why Do Respondents Exhibit Anchoring?
Lastly, we explore potential mechanisms driving the observed anchoring bias. We consider two possible theories that could drive Note: Dependent variable is the difference between the recall value for 2012 reported in 2013 and the concurrent value for 2012 reported in 2012; Positive difference is the value of the difference between the 2013 concurrent value reported in 2013 and the 2012 concurrent value reported in 2012 if that difference is greater than zero, and takes the value of zero otherwise; Negative difference is the difference of these 2013 and 2012 concurrent reports (in absolute value) if the difference is less than zero, and zero otherwise. Individual characteristics include respondent age, gender, years of education, household size, and size of primary agricultural plot. Interview characteristics include the age and gender of the enumerators in both years and the duration of all survey rounds. The p-values are estimated clustering over eight projects using the wild-bootstrap cluster procedure described by Cameron, Gelbach and Miller (2008) with bootstrap samples generated using a Rademacher weight distribution with 256 replications; p-values of one-sided Wald test for Positive ! Negative (Panel A) and for Positive Negative (Panel B) are reported at the bottom using wild-bootstrap. Asterisks *,**, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
respondents' anchoring: rounding and positivity and negativity bias.
Rounding as a driver of anchoring bias. Previous literature has considered rounding as a cause of recall error, particularly for large values (see, e.g., Huttenlocher, Hedges, and Bradburn 1990) . In our setting, rounding may drive anchoring bias if respondents first consider their most recent report and then revise it upward or downward to report a rounded number for the recalled period. We would thus expect more frequent rounding of recall values than of concurrent reports. Figure 2 presents the income distribution of both the 2013 concurrent report and the 2011 recall value (reported in 2013). 28 We observe a similar pattern in both distributions, which suggests that the observed anchoring bias is not driven by a systematic rounding process. Positivity and Negativity bias. Next, we extend the main analysis to examine whether the anchoring effect varies based on changes in the concurrent reports over time. The psychology literature documents that people have a strong tendency to give greater weight to negative events than to positive events (Baumeister et al. 2001; Rozin and Royzman 2001) . Such tendencies may also affect recall bias. To explore this possibility, we evaluate how positive and negative changes in the concurrent reports between periods influence the anchoring bias. As shown in equation (4), the dependent variable in this case is the difference between the recall value for 2012 (reported in 2013) and the 2012 concurrent report. 29 The independent variables of interest are two separate variables: one accounting for a positive difference in the 2013 and 2012 concurrent reports (equal to the value of the difference when this difference is positive and zero otherwise) and a second accounting for a negative difference in these reports (equal to the absolute value of the difference between the 2013 and 2012 concurrent reports when this difference is negative, and zero otherwise). Hence, we directly assess the relationship between deviations in the 2012 recall value (relative to the 2012 concurrent report) and positive and negative outcome changes.
Panel A of table 7 presents the estimation results for the objective indicators, while panel B presents the results for the subjective indicators. Two interesting results are worth noting. First, for all objective and subjective measures, we observe a strong and statistically significant association between the magnitude of both positive and negative outcome changes and the magnitude of the anchoring bias on the recall value. The opposite sign of the coefficients for positive and negative outcome changes provides additional support to interpret the observed bias as anchoring bias. A larger positive (negative) change between the 2012 and 2013 concurrent reports results in a larger positive (negative) difference between the 2012 recall value and 2012 concurrent report.
Figures 3 and 4 provide additional insights about the observed outcome changes and the distribution of the measurement bias (the difference between the recall value and concurrent report for 2012). Figure 3 plots the distribution of the measurement bias for income, distinguishing between individuals reporting positive and negative outcome changes, while figure 4 plots the same distributions for the level of happiness. In both cases, we find a leftward distributional shift of the measurement bias for those experiencing a negative outcome change and a corresponding rightward shift for those experiencing a positive outcome change. These patterns further support the opposite direction of the bias when experiencing positive and negative outcome changes and demonstrates that these effects occur throughout the entire distribution of individuals with varying positive (negative) outcome changes and are not simply being driven by outlier values.
The second interesting result is that for the objective outcomes, the magnitude of the bias is frequently stronger for negative than for positive changes between the 2012 and 2013 concurrent reports; for the subjective outcomes, however, we find the opposite relationship. Among the objective indicators, the magnitude of the coefficient is statistically larger for negative differences for the income variables (though not for working hours and only marginally for wages); among the subjective indicators, the magnitude of the coefficient is statistically larger for positive 28 A similar pattern is observed for wages, as well as when comparing the distributions for the 2013 concurrent report and 2012 recall value. 29 For individuals reporting no change, the variable takes the value of zero. For the income and wage variables, few individuals report no change; for hours in main activity and the subjective indicators, 12% to -25% of the sample report no change.
differences except for the level of stress (where a negative change actually indicates an improvement for the individual). 30 Hence, the results for objective indicators are consistent with a broad body of literature showing that negative information (in our context, a negative reflection of the current state of the respondents' situation) plays a disproportionate role in influencing future impressions (see, e.g., Peeters and Czapinski 1990) . However, we also observe positivity bias in the case of subjective indicators. Some research has documented a positivity bias (rather than a negativity bias) in specific populations, such as older adults (see, e.g., Reed and Carstensen 2012) . 31 Supplementary online appendix table A.7 reports the estimation results of equation (4) when further controlling for the modal pattern of outcome changes in the municipality in which the respondent resides. We include both a positive and a negative dummy variable that takes the value of one when the majority of the people in the municipality (excluding the respondent) report a positive or negative change, respectively, in the corresponding variable between their concurrent reports for 2012 and 2013. We find similar results to those shown in table 6. For the objective measures, the magnitude of the bias is larger for negative differences in the reported values over time, while it is larger for positive differences for the subjective measures. 32 In terms of the variables that capture the municipality modal pattern, we find a significant correlation between the modal pattern and the magnitude of the bias in some of the objective and subjective indicators. However, positive (negative) outcome changes in the vicinity do not necessarily translate into a larger positive (negative) bias.
Overall, we observe a strong and consistent anchoring bias across multiple model specifications and for both objective and subjective outcomes. These findings are indicative that relying on retrospective measures without accounting for the effects of anchoring (even over relatively short recall periods) can result in significant mismeasurement of income, labor-related activities, or subjective indicators. This holds especially true in settings in which individuals are subject to considerable variation in their working patterns, such as smallholder farmers in developing countries. The analysis further shows that in situations of economic (income) decline, the recalled income for the previous period may be considerably underestimated. Conversely, in situations of increasing personal satisfaction, recalled satisfaction for the previous period may be considerably overestimated. This can be particularly critical when we are interested in comparing income or well-being measures across periods and we rely on retrospective survey data asking questions about current and past situations in a single survey. A natural solution would be to collect information over multiple rounds, rather than only visiting households one time to ask them questions about their current and past situations. This would result in more reliable measures, but would also require additional resources.
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Conclusion
Collecting reliable data, including recall data, is important for policymaking. This paper uses a unique panel-survey dataset from four countries in Central America to examine the role of anchoring as a source of recall error. We find strong evidence in support of anchoring bias for both objective and subjective indicators. Respondents consistently use their reported value for the current period (2013) as a cognitive heuristic to assist them recalling the value for a previous period (2012). The results are robust to alternative model specifications and samples. We further find that positive changes in indicators (measured concurrently) across time are strongly correlated with a positive bias, while negative changes are strongly correlated with a negative bias. Interestingly, objective indicators show larger biases in response to negative changes, while subjective indicators exhibit larger biases in response to positive changes.
We acknowledge some limitations of the results presented. Our dataset permits us to 31 We also examined if there are heterogeneous effects by age (if age above the median) on the positive and negative indicators but we generally do not find systematic differences. 32 Alternatively, we included municipality fixed effects (instead of the municipality modal pattern indicators) and find similar results. Similarly, we examined if there are systematic differences between individuals whose outcomes go in the opposite direction than most people in their municipality and individuals whose outcomes go in the same direction, but we do not find major differences. 33 Implicit Association tests (see Greenwald, McGhee and Schwartz 1998 ) and multinomial models (e.g., Conrey et al. 2005) offer innovative methods to mitigate measurement biases in the measurement of attitudes and beliefs where issues of selfpresentation, self-monitoring, and social desirability biases are of particular concern. Given the indicators studied here, we do not think these methods offer appropriate solutions, but this is an area very much in need of future research. assess anchoring among a relatively simple set of variables, so our results may not be generalizable to more complex recall variables (although we hypothesize that such biases are likely to be greater for indicators that are harder to recall). Similarly, the survey instrument used to generate the data for this study has a particular structure (i.e., an initial set of questions about a given outcome for the most recent period, with posterior questions about that outcome in previous periods), which both enables us to analyze the extent of anchoring bias more precisely and prevents us from ruling out the possibility that this anchoring would not be present in other survey designs. Similarly, the survey structure prohibits the testing of recommendations to inform survey design to minimize these biases. This matter, while important, is beyond the scope of the paper, but it is the subject of ongoing research (e.g., Heath et al. 2016) . Lastly, as the survey was carried out with a very specific population (poor smallholder farmers in Central America), the conclusions may not necessarily be generalizable to different populations, whether in terms of location, wealth, or occupation.
Despite these concerns, it is clear from our data that a naïve analysis using retrospective measures that do not consider potential anchoring effects can result in important mismeasurements. This could lead to incorrect inferences regarding, for example, the evolution of objective and subjective indicators over time. In this sense, it is necessary to take into account respondents' likely cognitive biases when talking about current and past situations, even for relatively short reference periods. This matter may be particularly pertinent in agricultural settings in developing countries, considering the significant variation in the working patterns of smallholders.
While not the primary focus of this study, the weak relationship between outcomes concurrently measured during the reference period and their recall equivalent (i.e., 2012 concurrent report and 2012 recall value) also calls into question the reliability of using retrospective data as an accurate measure. This points to the strong need for additional studies to improve retrospective data collection strategies. The results imply that studies analyzing the time evolution of outcomes relying only on retrospective data could overstate the autocorrelation in outcomes across time. Combined with the anchoring results that objective indicators like income are more heavily biased in the presence of a negative change such studies will document (in the case of objective indicators) trajectories that significantly overstate negative outcomes in previous periods if the current year is not a good year. Hence, we can obtain very different results when relying on retrospective data if the year of data collection is a particularly good or a particularly bad year.
Overall, this study shows the presence of one particular type of cognitive bias in retrospective data from a household survey. Future research should continue investigating the potential biases of self-reported retrospective data, as well as alternative mechanisms that could help reduce the bias in a context in which such data has become widely used in empirical work. For instance, we conceptualize anchoring bias as something directly affecting individual responses (such as household income) that requires additional mental effort and aggregation. It will be interesting to assess the potential influence of anchoring bias on common household measures that typically require the aggregation of multiple responses, such as consumption or expenditure aggregates. Similarly, it would be interesting to assess if the most recent outcome would be as strong an anchor if the question order were randomized-that is, if respondents were asked to first report their outcome for the previous period and then to report their outcome for the most recent period. The differential anchoring bias when comparing individuals who have experienced positive versus negative outcome changes across time also deserves further analysis, probably using an experimental setting.
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